Background: Chemotherapy is a risk factor for occurrence of infections. Tuberculosis is a common infection in high prevalence countries. Data on incidence of tuberculosis following lung cancer chemotherapy is limited. The current study was conducted to assess the spectrum and clinical profile of pleuro-pulmonary tuberculosis following lung cancer chemotherapy at a tertiary care institute in North India.
INTRODUCTION
Chemotherapy administration is a risk factor for occurrence of infections. Tuberculosis is a common infection among people residing in endemic (high prevalence) countries. Both reactivation of latent foci of old tuberculous infection as well as reinfection with a new strain of Mycobacterium tuberculosis (MTB) contribute in general to the high incidence of tuberculosis disease in endemic countries. A number of mechanisms may lead to a higher incidence of tuberculosis in patients with cancer including those with lung cancer. These include impairment of immune responses due to malignancy per se, malnutrition or secondary immunosuppression due to the effects of cytotoxic chemotherapy. In the context of lung cancer, pulmonary tuberculosis can precede, occur concurrently with or subsequent to the diagnosis of lung cancer. [1] [2] [3] [4] The diagnosis of pulmonary tuberculosis in patients with lung cancer can be delayed due to the preexisting radiological abnormalities associated with the latter. Previous reports have pooled descriptions of lung cancer patients in whom active pulmonary tuberculosis and lung cancer occurred concurrently with those in whom pulmonary tuberculosis followed management of lung cancer. 2 The influence of occurrence of PTB on outcomes of lung cancer patients is also unclear. 1 We have assessed the occurrence of pleuropulmonary tuberculosis following chemotherapy for lung cancer at our tertiary care institute in North India and provide a description of their demographic and treatment-related characteristics as well as outcomes in this paper.
METHODS
This was a retrospective analysis of routinely collected data on lung cancer patients presenting to the authors' institute. As per the normal protocol of our clinic, diagnosis of lung cancer is confirmed by cytological/histopathological examination of tumor specimens obtained from accessible sites in all patients. Coexistence of active tuberculosis is also ruled out simultaneously by microscopic examination for presence of acid fast bacilli (AFB) in sputum or other representative specimens obtained during the process of diagnostic confirmation of lung cancer.
Consecutive newly diagnosed patients, with cytologically/ histopathologically proven lung cancer, who were initiated on chemotherapy at the lung cancer clinic of the authors' institute over a three-and-half year period (January 2008-June 2011) comprised the study population. Demographic characteristics (including age, gender and performance status), histological type, stage of disease and details of smoking status were noted for all patients and have been described in detail previously. [5] [6] [7] Chemotherapy regimens and normal management protocols used at our center have been described in detail elsewhere. 8, 9 Case records of the study population described above were retrieved and patients in whom the diagnosis of pleuro-pulmonary tuberculosis was established subsequent to initiation of chemotherapy were identified and selected for the purpose of the current analysis. For the sake of uniformity in relation to stage description for this analysis, we used the 7th edition of TNM staging. 10 Criteria used for establishing diagnosis of tuberculosis included presence of suggestive clinicoradiological features (fever, cough, pleuritic chest pain, new parenchymal infiltrates or new onset pleural effusion on chest imaging) along with demonstration of AFB on smears prepared from sputum, pleural fluid or other representative specimens and/ or growth of MTB on their culture. In case of biopsy/ cytology specimens, demonstration of granulomatous inflammation with AFB was taken as diagnostic for tuberculosis. Clinical profile and outcomes of patients with pleuropulmonary tuberculosis following administration of chemotherapy are presented herein in a descriptive fashion [percentages, mean, (standard deviation) or median (interquartile range)]. All analyses were performed using the statistical software SPSS version 15.0 (SPSS Inc, Chicago, IL, USA).
RESULTS
Of 763 patients diagnosed during the study period, those excluded from analysis were 14 who did not receive any form of definitive treatment, 23 with nonbronchogenic histologies and 64 who received oral epidermal growth factor receptor tyrosine kinase inhibitors as first line (sole) treatment modality for NSCLC. The remaining 662 lung cancer patients who received chemotherapy comprised the study population. Overall, six (0.9%) patients were diagnosed with tuberculosis (four pulmonary in addition to the two with pleural). The diagnosis was established by sputum microscopy, bronchioalveolar lavage fluid microscopy and pleural biopsy in two patients each. Four of the six patients had an objective response to chemotherapy as per RECIST criteria. 11 Tubercular involvement of right lung/pleura occurred in five patients. All patients developed tuberculosis on the same side as the primary tumor. All patients were treated with standard four-drug ATT. Individual case descriptions are provided in Table 1 while pooled demographic characteristics as well as treatment and survival profile of these patients is presented in 
DISCUSSION
Approximately, one-third of the global population is infected with the MTB bacillus and it is estimated that, in India, the prevalence of infection is 40%. 12 The global incidence of tuberculosis disease in 2010 was estimated at 128 per 1,00,000 population [95% confidence interval (CI) of 123-133] with that in India being 185 per 1,00,000 population (95% CI of 167-205). 13 Of these, new smear positive pulmonary tuberculosis cases in India are estimated to be Overall, occurrence of tuberculosis following anticancer chemotherapy has been an infrequently described clinical scenario. Although majority of the global burden of tuberculosis is concentrated in the developing world, these regions of the world often do not have adequate facilities for diagnosis, treatment and follow-up of cancer patients for the majority of the population residing therein. Data from the current study suggest that both pleuropulmonary tuberculosis and smear positive pulmonary tuberculosis were more frequent than in the general Indian population.
Published data on pulmonary tuberculosis among lung cancer patients is sparse. A retrospective case control study described 24 patients with tuberculosis following anticancer chemotherapy for a broad group of primary malignancies. 16 Of these, only two patients had underlying lung cancer. Pulmonary tuberculosis was the commonest form of involvement in both cases and controls (87.5% and 79.2% respectively). Cavitation and multilobar involvement was similar in both groups. Another series reported 36 lung cancer patients who were diagnosed with tuberculosis either concurrently or sequentially. 2 Of these, 26 (72.2 %) were diagnosed with tuberculosis subsequent to the diagnosis of lung cancer with a median time to diagnosis of 4 months (range 1 to 47 months). Chemotherapy with/without other treatment modalities had been administered to 22 (61.1 %) patients who developed tuberculosis. Squamous cell carcinoma (61.1 %) was the most common histological type. The median time to survival of lung cancer patients from the time of diagnosis of tuberculosis was 17.3 months. Progression of lung cancer was the most common cause of death in the lung cancer group and none of the deaths were attributable to tuberculosis per se. The authors had suggested that respiratory tuberculosis, if treated adequately, does not influence the clinical course of lung cancer subjects.
In our study also, the median overall survival for lung cancer patients who developed pleuropulmonary tuberculosis was 312 days (approximately 10.5 months) which is similar to that observed for patients with advanced lung cancer in general at our centre. 8 However, the fact remains that pulmonary tuberculosis occurring in the setting of lung cancer represents a clinical scenario that is often difficult to diagnose. It is therefore important for physicians managing lung cancer patients in countries with high prevalence of tuberculosis to make all efforts at getting an early confirmation of the diagnosis once it has been suspected since as well as to initiate timely and appropriate ATT. It has been suggested that detection of a tree-in-bud pattern on high resolution CT scan of lung parenchyma may be an indicator of active pulmonary tuberculosis in the presence of suggestive symptoms and should prompt an aggressive workup for confirming diagnosis of active tuberculosis in these patients. 2 Occurrence of lung cancer following pulmonary tuberculosis and vice versa as well as coexistence of pulmonary tuberculosis with lung cancer all have been described. [1] [2] [3] [4] However, individual descriptions of pleural tuberculosis following chemotherapy for lung cancer have not been previously published. The two cases of pleural tuberculosis which were included in the analysis of the Values expressed as percentages and as median (interquartile range) unless specified otherwise; *Mean (standard deviation); NSCLC: Non-small cell lung cancer current study, to the best of the authors' knowledge, represent the first two cases of pathologically proven pleural tuberculosis following chemotherapy for lung cancer and their details have been reported separately. 18
SUMMARY
Our review of the records of more than 650 patients undergoing chemotherapy for lung cancer indicates that although occurence of pleuropulmonary tuberculosis in this high-risk patient population is higher than that observed in the general Indian population, tuberculosis does not seem to adversely influence overall survival if an aggressive policy of actively pursuing the clinical suspicion of tuberculosis is adopted and ATT promptly initiated once diagnosis has been established by microscopic or pathological means.
